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In its 35th meeting on November 17, 2009 the INTC reviewed proposal P-270 and asked
for a letter of clarification in which we should address the physics case in more detail and
justify the large number of requested shifts.
With this Letter of Clarification we like to strengthen the physics case of our proposal in
order to justify the original beam time request.
In our view it is important to clarify the picture of the evolution of the N = 28 shell closure
in neutron-rich nuclei. 46Ar lies right between the doubly magic 48Ca (Z = 20,N = 28)
and 44S with its deformed ground state. Thus the structure of 46Ar holds important
information on the evolution of the N = 28 shell gap and the competition between
spherical (neutron 0p− 0h) and deformed (interpreted as 2p− 2h) structures leading to
shape coexistence and possibly shape mixing [1, 2, 3]. However, the current experimental
knowledge of 46Ar is not sufficient to obtain a clear picture.
From the proposed experiment we hope to gain a significant extension of our knowledge of
energies and quantum numbers of excited states in 46Ar as well as the nature of the excited
0+ state. The information will be gained from the energies and angular distributions of
the protons from the (t, p) reaction. The relative cross-sections for the population of states
in 46Ar will provide important insights into the structure of these states.
In previous experiments different excited states in 46Ar were observed via gamma-ray
spectroscopy using intermediate energy Coulomb excitation [4],inelastic scattering [5] and
fragmentation [6]. Spin assignments for most observed states are tentative and many
assignments have been proposed on the basis of comparing to theoretical predictions.
The level schemes (shown in Fig. 1) derived from the two experiments are very different.
While in the fragmentation reaction [6] two states between the 4+ state at 3890 keV and
the 2+1 state are observed, in the proton inelastic scattering experiment [5] additional
states are observed only above the 4+ state, including a 3− state.
Thus, the available information on the excited levels is still sparse and no consistent
picture has emerged. The proposed transfer experiment will add important additional
information on excited states in 46Ar. The proposed (t, p) experiment on the one hand
will establish if the observed state at 2.7 MeV has 0+ character or if another state in
this energy range is the expected second 0+ state. The cross section for populating
this state and the ground state will be compared to DWBA calculations with the code
FRESCO using spectroscopic amplitudes predicted by shell model calculations. Thus it






















Figure 1: Level scheme of 46Ar derived from inelastic proton scattering [5] and fragmen-
tation [6] experiments in comparison with shell model calculations.
configuration, as suggested by the shell model calculations [6] and the beyond mean-field
calculations [1, 2].
In a simplified picture the ground state of 46Ar is predicted to have a dominant 0p −
0h configuration and thus can be approximately described by 44Ar ground state plus 2
neutrons in the f7/2 shell. A pure 2p − 2h character of the 0
+ excited state means that
this state can be approximately described by the 44Ar ground state and 2 neutrons in the
fp-shell above N = 28. Thus the relative population of both states will be sensitive to
the underlying structure of the 0+ states and their possible mixing.
In addition to this information on the excited 0+ state the angular distributions of previ-
ously observed excited states will enable firm spin assignments for the tentatively assigned
states and thus will allow for a better comparison to theoretical predictions. In addition
new excited states are expected to be observed and the comparison of the 2n-transfer
cross-sections to DWBA calculations using shell model transition amplitudes will enable
a better test of the theoretical predictions for 46Ar.
In order to estimate the necessary beam time we simulated the angular distributions for
the (t, p) reaction with the statistics to be expected and compared them to the ideal theo-
retical angular distributions. Fig. 2 shows the efficiency and solid angle corrected angular
distribution as a function of laboratory angle for the t(44Ar, p)46Ar reaction corresponding
to 10 days of beam time. For the analysis of the simulated data the same method as for
the t(30Mg, p)32Mg reaction has been applied. In order to identify the different angular
momentum transfer ∆L by their shape the angular range of the T-REX setup is divided
into 20 bins. The statistics which can be obtained in 10 days of beam time results in 50
counts/bin, thus in a statistical error of 15%. With that the different ∆L values can be
distinguished as shown in Fig. 2.
In summary, the (t, p) reaction will allow for the firm assignment of spins for known
levels in 46Ar, the discovery of new states in 46Ar, as well as the comparison of relative
population cross sections with theoretical predictions, which will provide insights into the
particle-hole structure of the states in 46Ar.
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Figure 2: Efficiency and solid angle corrected angular distribution for the simulated data.
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